Introduction
============

Colonoscopic examination is the most effective method used to evaluate the colon. It has superior sensitivity and specificity as compared to contrast enema when evaluating mucosal abnormalities in the colon. On the other hand, colonoscopy is a technique that is difficult to perform, and its success depends not only on the colonoscopist's skill but also on the patient's comfort, compliance, and colon cleansing.[@b1-ppa-9-1325]--[@b3-ppa-9-1325] In this context, adequate cleansing of the bowel (which is a bothersome procedure) must be performed by the patients, and adequate preparation of the bowels is a principal step in the colonoscopic evaluation. Insufficient bowel cleansing either leads the colonoscopist to miss pathological lesions, or it serves as an obstacle to the therapeutic interventions required for the lesions that are found. This situation defers the procedure, and it results in the need to repeat the evaluation.

In the last several decades, sodium phosphorus (NaP) and polyethylene glycol electrolyte solutions (PEG-ES) have commonly been used as compounds for bowel cleansing. Although the NaP solution is better tolerated than the PEG-ES, its ineligibility in patients with concomitant diseases such as renal failure, congestive heart failure, and cirrhosis hampers its extensive utility.[@b4-ppa-9-1325]

Senna, an antracinon, exerts its action by increasing bowel motility, and it leads to the accumulation of water and electrolytes within the lumen of the colon. Its safety and ease of application are further advantages. Although it is widely used in the treatment of constipation, there is little information about its practice in bowel cleansing.[@b5-ppa-9-1325]--[@b7-ppa-9-1325]

The aim of this study was to compare the efficacy of the senna and NaP solutions upon bowel cleansing, as well as to investigate patient compliance and cleansing adequacy prior to the colonoscopy procedure in an outpatient population.

Methods
=======

Study design and population
---------------------------

The study was designed as randomized controlled investigator-blinded trial. A total of 137 consecutive patients who were admitted to the Gastroenterology Endoscopy Unit of the Firat University School of Medicine (Elazig, Turkey) were randomly allocated to receive either the NaP or senna solution. The patients were selected if they were adults (\>18 years) who were planning to undergo an elective colonoscopic examination. The main indications to perform colonoscopy were screening for cancer, previous polyp history, bleeding, anemia, change in bowel habits, and the presence of inflammatory bowel disease. Two envelopes containing a prescription for the two different bowel-cleansing regimens were prepared for randomization.

Patients with a history of allergy to the senna or NaP solutions; with serious metabolic, renal, and cardiac diseases; those who were pregnant; those with a history of laxative ingestion 1 week prior to the examination; those with a history of colon surgery; those who were admitted with an indication for sigmoidoscopic evaluation; psychotic and bedridden patients; individuals younger than 18 years of age; and those who rejected the procedure were excluded from the study. The patients were described, in detail (both orally and in writing by an experienced staff member), the diet that should be practiced and the bowel-cleansing regimen that should be followed. The patients were advised to eat low-residue foods and to increase the amount of liquids that they consumed during the 3 days prior to their colonoscopy. In addition, the patients were also advised to eat liquid foods after a light breakfast, and not to ingest anything after midnight the day before the colonoscopy. The patients received the senna solution (500 mL, 1,000 mg of sennosides A and B calcium +66.6 g of sorbitol) in two divided doses 1 day before the procedure: 250 mL at 4 pm and 250 mL at 6 pm. The NaP solution (a total of 90 mL) was also given in two even doses: half of the solution was ingested 1 day before the procedure at 8 pm and the other half was received at 6 am on the day of the procedure. Blood was collected from all patients before and after the bowel cleansing to determine the changes in electrolytes. The concentrations of sodium, calcium, ionized calcium, phosphorus, and chloride were analyzed in the blood samples. The study was performed according to the Declaration of Helsinki. In addition, approval was obtained from the Firat University School of Medicine Ethics Committee prior to performing the study. Informed consent was also obtained from all of the participants prior to starting the study.

Evaluation of the colon preparation
-----------------------------------

First, all the patients were asked about whether or not they adhered to the recommended prescription. Patients were deemed as having adhered to the recommended prescription if they obeyed at least 75% of the prescribed regimen. The patients' compliance to the bowel-cleansing regimen, as well as any gastrointestinal or other unfavorable symptoms (nausea, vomiting, abdominal pain, and dizziness) induced by these regimens, was assessed, and patients' responses were graded using a four-point scoring system: 1= no trouble; 2= mild; 3= moderate; and 4= severe. The following questions were included in the questionnaire that was administered to the patients in this study: "Were you able to complete the prep? (Yes/No). If not, please indicate the amount of prep you were able to drink. (Not able to drink, 1/4, 2/4, 3/4)". "Would you try the same preparation again if you needed another colonoscopy in the future? (Yes/No)". "Please indicate if any of the following symptoms (nausea, vomiting, abdominal pain, bloating, chest pain, and dizziness) occurred during the prep and rate their severity (no trouble, mild, moderate, severe)".

All of the colonoscopic examinations were performed between 8 am and 12 pm under conscious sedation (midazolam, pethidine HCl). After the examination, the investigator scored the difficulty of the colonoscopic evaluation (1= easy, 2= very easy, 3= difficult, and 4= the procedure cannot be completed). The cleanliness of the colon was also scored for each colonic segment using a validated scale called the Aronchick classification.[@b8-ppa-9-1325],[@b9-ppa-9-1325] The patients were allocated into one of two groups based on a general appraisal of the colonoscopic evaluation: excellent/good and fairly good/inadequate. The definitions of these categories are as follows: "Excellent", 90% of the mucosa is visible, mostly liquid feces, and an adequate image is obtained after slight aspiration; "Good", 90% of the mucosa is visible, mostly liquid feces, and an adequate image is obtained after substantial aspiration; "Fairly good", 90% of the mucosa is visible, mostly mixed liquid and smooth feces, which could be aspirated or washed; and "Inadequate/requires repreparation", less than 90% of the mucosa is visible, mostly smooth and solid feces, which cannot be aspirated or washed.

A skilled staff member in the endoscopy unit filled out all of the procedure- and study-related documents before the colonoscopist began the procedure. The patients' demographic and clinical data (age, sex, height, weight, the patient's mobility, and the drugs used), the indication for the colonoscopy, the start time of the procedure, the time to reach the cecum, the total procedure time, the reasons for not being able to reach the cecum, the endoscopic diagnosis, and the interventions performed during the procedure (such as a polypectomy) were recorded. The primary end point was to determine the adequacy of the colon's cleanliness. The secondary end points included comparing the colon-cleansing scores, the number of repeat colonoscopy procedures required, the patients' compliance for each given regimen, and the frequency of the various side effects.

Sampling survey and statistical analysis
----------------------------------------

Previous studies pointed out that an excellent and good response rate of 70%--90% was achieved among those individuals who were prescribed the NaP solution.[@b10-ppa-9-1325]--[@b12-ppa-9-1325] The response rate was between 70% and 85% among those individuals who used the senna solution.[@b13-ppa-9-1325]--[@b16-ppa-9-1325] Therefore, the sampling survey was estimated in light of the published data. A minimum of 124 patients was required for inclusion in this study when a 20% difference was taken into consideration in terms of acceptable bowel cleansing between the senna and NaP regimens. This was calculated to account for a 5% statistical type 1 error and 80% statistical power. Distributions of the data were evaluated with the Shapiro--Wilk test and QQ plot. The chi-squared test, paired-samples *t*-test, and independent-samples *t*-test were used in appropriate situations. The data were presented as the mean and standard deviation. *P*-values \<0.05 were considered significant.

Results
=======

A total of 137 patients were enrolled in this study. Nine patients (four from the senna group, five from the NaP group) were excluded from the study. The reasons for exclusion were as follows: seven patients (three from the senna group and four from the NaP group) did not adequately perform the bowel-cleansing regimen; moreover, two did not complete the questionnaire form. As such, 128 patients (62 in the senna group, 66 in the NaP group) were included in the study, regardless of whether the colonoscopy procedure was completed or not. The demographic characteristics and colonoscopic features of the patients were comparable in the two study groups, and these details are shown in [Table 1](#t1-ppa-9-1325){ref-type="table"}. The cecum could not be reached in only four (6.5%) and seven (10.6%) patients from the senna and NaP groups, respectively. The cecum could not be reached in patients 2 and 1, in the senna and NaP groups, respectively, for technical reasons and patient intolerance, nor could it be reached in patients 3 and 5, respectively, due to inadequate bowel cleansing. Nausea and vomiting symptoms were significantly less frequent in the senna group than in the NaP group (*P*\<0.05 and *P*\<0.01, respectively). There was no significant difference observed with respect to the other side effects ([Table 2](#t2-ppa-9-1325){ref-type="table"}). The patients' responses to the question of whether or not they would like to use the same regimen in the future that they performed for the current colonoscopy were comparable between the two study groups (66.7% vs 79%). There was also no significant difference between the groups regarding whether or not the colonic cleansing was acceptable ([Table 3](#t3-ppa-9-1325){ref-type="table"}). However, the number of patients with excellent bowel cleansing according to the general appraisal of colonoscopic evaluation was significantly higher in the NaP regimen group than in the senna group (46 \[78%\] vs 25 \[43.1%\], respectively; *P*\<0.001). Furthermore, the evaluation quality of the cecum was also better in the NaP group than in the senna group (42 \[72.1%\] vs 25 \[43.1%\], respectively; *P*\<0.01).

Comparisons of systolic/diastolic blood pressure levels and biochemical changes are shown in [Table 4](#t4-ppa-9-1325){ref-type="table"}. Following the colon preparation regimen, both groups had an average decrease of 8--10 mmHg in both systolic and diastolic blood pressure, which was significant; however, there was no difference between the groups. Serum sodium levels increased in the NaP group (*P*\<0.001) after the preparation, but it remained unchanged in the senna group. After the procedure, the serum potassium levels decreased in both the groups; the difference reached statistical significance in the NaP group (*P*=0.001). Serum chloride levels increased following the procedure in both the groups; the difference was significant within the groups (*P*=0.001), and it was also significant between the groups (*P*\<0.05). Total and ionized calcium levels decreased in the senna and NaP groups (*P*=0.001), but there was no difference between the groups. Inorganic phosphorus levels were clearly increased in the NaP group (*P*=0.001).

Discussion
==========

Colonoscopic examination is superior to the other screening tests for detecting the presence of colorectal cancer and its precancerous lesions. In addition to its relevance in diagnosis and treatment, colonoscopies are also cheaper than the other screening modalities.[@b1-ppa-9-1325]--[@b3-ppa-9-1325],[@b17-ppa-9-1325] Its most undesirable feature, however, is that it requires cleansing of the bowel. Furthermore, some patients cannot accomplish bowel cleansing due to the side effects of the drugs used for this purpose. Hence, the colon cannot be visualized efficiently when the bowel is inadequately cleansed. This disadvantage results in the need to repeat the procedure; it also increases the risks related to the procedure, and polyps are often overlooked.[@b18-ppa-9-1325]--[@b20-ppa-9-1325] Thus, the adequate and convenient application of a given bowel-cleansing regimen increases the likelihood of a complete and successful colonoscopic examination.

PEG-ES and NaP preparations are commonly used colonoscopic cleansing regimens. However, studies continue to seek alternative bowel-cleansing methods due to compliance and safety issues. The NaP regimens draw particular attention, as they are effective at lower concentrations and are available in the form of tablets;[@b8-ppa-9-1325],[@b21-ppa-9-1325]--[@b23-ppa-9-1325] however, they do cause hyperphosphatemia and hypocalcemia.[@b24-ppa-9-1325],[@b25-ppa-9-1325] Additionally, numerous colonoscopists do not take into consideration the potential renal, hepatic, and cardiovascular risks of these agents.[@b26-ppa-9-1325]

Stimulant laxatives have commonly been used in the past as enemas for bowel preparation.[@b27-ppa-9-1325]--[@b32-ppa-9-1325] Nevertheless, there are limited data about their application as bowel-cleansing agents.[@b33-ppa-9-1325],[@b34-ppa-9-1325] The application of senna alone or combined with other laxatives is superior to the PEG and NaP solutions, and it is associated with comparable side effects and tolerance levels.[@b7-ppa-9-1325],[@b35-ppa-9-1325]--[@b38-ppa-9-1325] However, some studies reported the opposite results and indicated that senna is insufficient for bowel preparation and is also less tolerable.[@b6-ppa-9-1325],[@b7-ppa-9-1325],[@b33-ppa-9-1325],[@b39-ppa-9-1325],[@b40-ppa-9-1325] On the other hand, acceptable bowel cleansing was similar in both groups, although excellent bowel cleansing was encountered more frequently in the NaP group. In addition, we could not definitively conclude whether sennoside or sorbitol alone had such an effect on acceptable bowel preparation. Furthermore, bowel cleansing in the cecum was also superior in the NaP group. This situation might be related to the amount of time elapsed from the application of the bowel-cleansing preparation to the commencement of the procedure.

Tolerance to the given regimen and optimal compliance of the patients to the dosing used play a crucial role in successful bowel cleansing.[@b41-ppa-9-1325] In the present study, the most frequently encountered symptoms in both groups were nausea and vomiting. Nevertheless, these symptoms were found to be significantly more frequent in the NaP group than in the senna group. Although it was advised that the patients ingest the NaP with a fruit juice, the difference between the groups might be the result of the better taste of the senna solution. Other symptoms were comparable in both groups. Although the side effects were different between the two groups, the patients' responses to the question of whether they would like to receive the same agent again for future colonoscopies were similar in both groups.

The NaP solution is a popular bowel-cleansing regimen. However, it is contraindicated (or must be used with caution) in older patients, those with renal failure or cardiovascular disease, those with insufficient bowel cleansing, and those with bowel motility deficiency. NaP can also lead to serious electrolyte abnormalities.[@b42-ppa-9-1325],[@b43-ppa-9-1325] On the other hand, senna is not frequently used for bowel cleansing. Presumably, its side effects such as hepatitis, cachexia, tetany, clubbing, and hypertrophic osteoarthropathy, as well as studies reporting its inadequate efficiency, hampered its utility in this field.[@b44-ppa-9-1325]--[@b48-ppa-9-1325] In addition, the senna regimen did not only contain sennoside as the active ingredient, but it also included sorbitol. However, we did not see any possible side effects associated with sorbitol, including ulcer, intestinal perforation, or bowel necrosis, in our patients.[@b49-ppa-9-1325]--[@b51-ppa-9-1325] In this study, NaP caused significant changes in the levels of all electrolytes, and the findings corroborated those of previous studies.[@b24-ppa-9-1325]--[@b26-ppa-9-1325],[@b43-ppa-9-1325] Additionally, significant changes in calcium, inorganic phosphorus, and chloride levels were also seen in patients who used the senna solution. This might be related to the dose used for the bowel-cleansing regimen.

Conclusion
==========

Senna does not seem to be as effective as the NaP solution for bowel cleansing. However, further studies investigating the amount of time elapsed from the application of the bowel-cleansing regimen to the commencement of the colonoscopic examination, as well as the dose of the regimen used, may elicit demonstrations of efficacy. Nonetheless, senna may be considered as an alternative bowel-cleansing regimen due to the fact that it results in fewer side effects when compared to the NaP solution.
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###### 

Demographic and colonoscopic characteristics of the patients

  Patient characteristics                       Senna (n=62)   NaP (n=66)   *P*-value
  --------------------------------------------- -------------- ------------ -----------
  Age (years)                                   49.8±14.8      47.7±14.3    0.414
  Sex (male/female)                             37/25          37/29        0.722
  BMI (kg/m^2^)                                 25.3±3.5       25.1±3.4     0.807
  Time to reach cecum (minutes)                 8.2±4.1        8.1±3.9      0.879
  Total procedure time (minutes)                19.3±8.1       18.8±5.8     0.695
  Number of incomplete colonoscopy procedures   4              7            0.533
  Technical difficulty                                                      0.667
   Easy/fairly easy (%)                         53 (85.5)      52 (78.8)    
   Difficult/incomplete (%)                     9 (14.5)       14 (21.2)    
  Cecum intubation rate (%)                     58 (91.9)      59 (89.4)    0.533
  Colonoscopy indication                                                    0.730
   Cancer screening/polyp history               8              9            
   Bleeding/anemia history                      15             11           
   Change in bowel habit                        24             26           
   Inflammatory bowel diseases                  3              2            
   Other                                        12             18           
  Colonoscopic diagnosis                                                    0.901
   Normal                                       29             29           
   Polyp                                        13             17           
   Hemorrhoid-fissure                           7              6            
   Colon cancer                                 1              1            
   Inflammatory bowel diseases                  3              1            
   Other                                        5              5            

**Abbreviations:** NaP, sodium phosphorus; BMI, body mass index.

###### 

Comparison of compliance to the colonoscopic preparation methods

  Complaints                                              No trouble (Sen/NaP)   Mild (Sen/NaP)   Moderate (Sen/NaP)   Severe (Sen/NaP)
  ------------------------------------------------------- ---------------------- ---------------- -------------------- ------------------
  Nausea[\*](#tfn2-ppa-9-1325){ref-type="table-fn"}       34/19                  23/32            3/11                 2/4
  Vomiting[\*\*](#tfn3-ppa-9-1325){ref-type="table-fn"}   52/35                  7/22             2/6                  1/3
  Abdominal pain                                          40/37                  14/19            6/8                  2/2
  Dizziness                                               55/52                  6/12             --/2                 1/--
  Headache                                                52/54                  8/8              1/3                  1/1

**Notes:**

*P*\<0.05,

*P*\<0.01; senna vs NaP.

**Abbreviations:** Sen, senna; NaP, sodium phosphorus.

###### 

Evaluation of the colonoscopic examination

  Parameters                                         Excellent (Sen/NaP)   Good (Sen/NaP)   Fairly good (Sen/NaP)   Inadequate (Sen/NaP)
  -------------------------------------------------- --------------------- ---------------- ----------------------- ----------------------
  Rectum                                             49/50                 3/5              6/3                     2/2
  Sigmoid colon                                      45/51                 4/5              8/1                     3/3
  Descending colon                                   51/47                 3/6              3/4                     2/3
  Transverse colon                                   45/49                 7/4              2/4                     4/2
  Ascending colon                                    34/47                 8/3              10/4                    6/5
  Cecum[\*](#tfn5-ppa-9-1325){ref-type="table-fn"}   25/42                 5/6              8/3                     20/8

**Notes:**

*P*\<0.01; senna vs NaP.

**Abbreviations:** Sen, senna; NaP, sodium phosphorus.

###### 

Parameters determined before and after the colonoscopic examination

  Parameters                       Senna (n=62)   NaP (n=66)                                                            
  -------------------------------- -------------- --------------------------------------------------------- ----------- -------------------------------------------------------------------------------------------------------
  Blood pressure systolic (mmHg)   120.5±22       112±25.5[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}    127±25      116±23[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}
  Diastolic (mmHg)                 76±17.6        70.7±12.8[\#](#tfn9-ppa-9-1325){ref-type="table-fn"}      77.9±12.9   71.7±11.8[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}
  Sodium (mEq/L)                   138.8±2.7      138.7±3.1                                                 139.1±2.2   141.1±3.8[\*\*](#tfn8-ppa-9-1325){ref-type="table-fn"},[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}
  Potassium (mEq/L)                4.3±0.4        4.1±0.6                                                   4.3±0.4     3.9±0.4[\*](#tfn7-ppa-9-1325){ref-type="table-fn"},[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}
  Chloride (mEq/L)                 105.1±3.5      106.3±3.4[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}   105.4±3     107.8±3.4[\*](#tfn7-ppa-9-1325){ref-type="table-fn"},[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}
  Calcium (mEq/L)                  9.4±0.6        9.3±0.7[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}     9.5±0.5     8.8±0.5[\*\*](#tfn8-ppa-9-1325){ref-type="table-fn"},[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}
  Ionized calcium (mmol/L)         1±0.1          0.7±0.2[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}     1±0.1       0.8±0.2[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}
  Inorganic phosphorus (mEq/L)     3.5±0.7        3.9±1[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}       3.5±0.7     6.3±1.9[\*\*](#tfn8-ppa-9-1325){ref-type="table-fn"},[\#\#](#tfn10-ppa-9-1325){ref-type="table-fn"}

**Notes:**

*P*\<0.05,

*P*\<0.001, senna vs NaP;

*P*=0.01, senna (before vs after);

*P*=0.001, senna (before vs after) and NaP (before vs after).

**Abbreviation:** NaP, sodium phosphorus.
